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(54) Multiple-wavelength 
spectrophotometer 

(57) Apparatus for 
spectrophotometry analysis of a 
plurality of discrete wavelength 
intervals includes a polychromatic 
light source 10, a dispersive element 
such as a concave grating 
polychromator 1 8 for analyzing the 



light into desired wavelength 
constituents, a corresponding plurality 
of exit slits 22a, 22 b ... for 
transmitting said wavelength 
constituents for illuminating a single 
detector 32 and a rotating chopper 24 
with apertures 2Ba, 28b . . . 
distributed to uncov er a single one of 
the e xit slits at aTtme aunng rotation " 
of the chopper. ~ 
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SPECIFICATION 

Multiple-wavelength spectr ph tometer 

Technical Field 

The present invention pertains to 
5 spectrophotometry instrumentation and in 

particular to analyses of multiple discrete spectral 
regions. 



Background Art * ■ 

Many analytical methods require photometric 

1 0 measurement at a number of wavelength 

intervals. The data acquisition time is necessarily 
quite short when continuous real time absorption 

measurements are performed^ppn-a.f lowing . 

^ liquidJoj^ejcajnpleT- On o s p o c tfk^exa m pie^aLsuch^ 

15* requirements are the absorbance measurements 
on the eluant of a liquid chromatographic 
apparatus. 

Generally the prior art instruments may be 
classified in two major groups. First are those 

20 instruments based upon a rapid-scan 

monochromator which sweeps through the region 
of spectral interest. The scanned monochromatic 
radiaticjUxapsxnittRrl t h r.oughoh e^ampje^ 
imp inges a suitable detector. With such an 

25 instrument measuremen ts required at a small 
number of predeterminecl waveleng^iniervals 
incur the time delay imposed by the 
monochromator scanning rate between such 
desired wavelength intervals. 

30 The second class of instruments employs a 
polychromatic source with analyses yielding a 
number of discrete wavelength intervals available 
at respective exit apertures. An array of optical 
detectors each dedicated to respective 

35 wavelength intervals provides the required 

photometric data. Such a system exhibits good 
relative and absolute sensitivity because of the 
parallel data acquisition in'the severa I wavelength 
intervals. However, such an instrument is complex 

40 and costly owing in part to redundancy of the . 
components. Separate detectors for closely 
spaced wavelengths of interest are also a source 
of design difficulty: — ~ 

Brief Summary of the Invention 
45 It is an object of the invention to provide 
inexpensive apparatus for rapid photometric 
analysis of a sample over a small number of 
• discrete wavelength intervals. 

In one feature of the present invention, the 
50 grating polychromator illuminates a set of slits for 
- selecting the corresponding desired wavelength 
intervals. 

In another feature of the invention, a first . 
rotating -chnp por unc overs , fh e exit slits 

55 sequentially for trans mission theret hrough to 
illuminate a single phoioaetector. 

IrTanother feature~of trie~invention, a second 
rotating chopper is provided to alternately direct 
the incident polychromatic radiatian Lu a sample 

60 cell and a reference cell, sub sequently directing 
said sample cell and reference cell transmission 
radiation to follow a common optical pattrfor 



subsequent analysis. 

In another embodiment of the invention, retro- 
65 reflective means are provided for redirecting the 
sequentially transmitted wavelength intervals 
back over the optical path to a splitter which 
directs such reflected radiation to said single 
photodetector. 

70 Brief Description of the Drawings 

Figure 1 schematically illustrates a preferred 
optical system of the present invention. 

Figure 2 shows the chopper of Figure 1 . 

Figure 3 is an illustration of the waveform 
75 obtained with the system of Figures 1 and 2. 

Figure 4 illustrates a double .bearn system. 

Figure 5 illustrates the waveform obtained with 
the system of Figure 4. 

Figure 6 shows an aperture plate for the 
80 embodiment of Figures 4 and 1. 

Figure 7 shows another embodiment; 

Figure 8 shows a zero dispersion embodiment. 

Detailed Description of the Invention 

Referring now to Figure 1 , there is shown a 
85 schematic illustration of the preferred optical - 
system. A suitable light source 1 0 as, for example, 
a D2 lamp, is collimated and focused by lens pair 
12 through sample cell 1 4 at the entrance slit 1 6. 
The transmitted light fails on analyzer 1 8, 
90 preferably a concave grating', Light of various 
wavelengths, dispersed through respective 
angles, is transmitted through the exit plane of 
slit defining plate 20 af slit positions 22a; 226, 

22c Only one of these slits is uncovered at a 

95 time by apertures provided in chopper 24 driven 
by motor 26. Chopper 24 is more clearly shown in 
Figure 2 to be divided into a number of^ngular 
intervals or sectors each providing ah apejtefe y 
which illuminates a respective slit 22a, 22b, . . . 

1 00 when the corresponding aperture 28a, 286 ... is 
aligned therewith. One sector, without an aperture 
located therein provides a dark current 
background sample. Motor 26 is energized to 
rotate-chop per 24 at a uniform angular velocity a>. 

1 05 The light emerging from" respective slits 22"is 
focused by lens 30 onto the photocathode of 
detector 32, for example, a photomultlplier. 

The time dependence of the photocurrent 
derived from detector 32 consists of a series of 

110 non^verlappixjgrectangular pulses, each 

correspondingiS^gtven-wBveterrgth'and bearing 
fixe d phase relat iQDJtQ-pulse>&atterns— 
corresponding to other wavelengths. The 
decoding or separation of these pulse trains is 

1 1 5 aided by an indexing si roafsde rived from a"key^ 
generator coupled to a rbtatingj chopper disc. A 
representative waveform of Figure 3 results from 
the above-described arrangement. An indexing 
signal derived from Jnde >Lgenera 1 t Qr._34 is available 

1 20 for synchr onizing the sjjcc^ssLve^ y^xMQ XPX-^ 

samplesTin appropriate circuitry. The processing of** 
such data is outside the scope of the present 
invention and is not discussed further. 
. In the apparatus as above described, one of the 

125 wavelength intervals can be chosen to serve as 
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reference. In Figure 4, there is illustrated a double- 
beam system f r alternate transmission of the 
incident polychromatic light through sample and 
reference cells. The substitution of this apparatus 
5 for the corresponding components of the 

apparatus of Figure 1 is straightforward. In this 
double beam system the light from lamp 1 0 falls 
on mirror 40 which directs the light to portion 42s 
of rotating chopper 42. Light transmitted through 

1 0 the chopper portion is reflected from an annular 
mirror 46 which surrounds the chopper shaft 47. 
The light reflected from mirror 46 is transmitted 
through reference cell 48 r wHere it-is-now-reflected- 
from portion 426 c^ chopper^24o.anpjther^ 

1 5 focusing mirrorJ^Oand directed to a cross over at~ 
entrance slit 16. UgrTTreflected'Bychoppef portions 
42a is directed to mirror 52 symmetrically 
disposed with respect to mirror 46 and the plane 
of chopper 42. Reflected light from mirror 52 is 

20 brought to a focus within and transmitted by 
sample cell 49. Light incident on chopper portion 
426 from sample cell 49 is alternately transmitted 
by such choppeTportion^vith^respect to light 
transmitted by reference ceil 48. Tfte sample cell 

25 transmitted light, when transmitted by chopper 
portion 42i^stflkes-focasi ng mirror 50 in a 
common path with the~reference eel transmitted 
light. Thus the system of Figure 1 from entrance 
slit 1 6 forward along the optical path transmits 

30 alternate sample cell and reference cell 

absorbance fluxes resulting in a waveform such as 
shown in Figure 5. Such a system preferably 
employs small circular apertures such as shown in 
Figure 6 wherein the dual slit defining plate 20 is 

35 replaced by plate 20' and each of the slits 22a, 
22b ... are replaced by the pair of apertures 22Sa 
and 22/?a; 22Sb and 22Rb; . . . 22Se and 22/?e. 
The respective S (Sample) and R (Reference) 
apertures are sufficiently small and sufficiently 

40 displaced in angle to transmit only the sample or 
reference cell li ght respective ly at any one time. It 
will be seen^tnat motor 44 driving chopper 42 is to 
be synchr onized with motor 26 _according to the 
number of repetitions of sample and reference 

45 desir ed for each wavelen gth. Thus, for one 

sample-reference pair per wavelength and for a 
six-sector chopper, motor 44 operates at a 
rotational frequency of 6cu (where co is the 
frequency of chopper 24). For n sample-reference 

50 pairs chopper 44 must operate at 6nct>. 

Figure 7 shows an embodiment similar to that 
of Fig. 1 . A sample-reference chopper 60 
comprises light source 62, optical elements 64 
and a sample-reference sequencing selector 66. 

55 The latter may take the form of Fig. 2, or any 
suitable design known for the purpose of 
illuminating sample and reference cells with 
known relative intensity at any given wavelength. 
For convenience, however, only a single cell is 

60 indicated. Spherical mirror 68 dir cts the 

transmitted light to dispersiv el ment 70 and 
thence to spherical mirror 78. Dispersive element 
70 may be either a plane grating or prism. The 
choice of a prism for dispersiv element 70 allows 
65 a higher efficiency for operation in the ultraviolet. 



The choice of a fcrism also reduces spectral 
complexities which may be : introduced 1 by higher 
order grating sffectra. The light reflected from 
spherical mirror 78 is thence directed to a 

.70 subsystem 74 cbm prising wavelength chopper 
optics and detector in connection wfth Fig. 1 . This 
subsystem 74 is* substantially -qs described above. 

Yet another embodiment is shown in Fig. 8 
which comprises a zero dispersion system wherein 

75 the multiple wavelengths are se+ected at an 

intermediate position by a set of respective retro- 
reflectors in a manner similar to that described for 
the previous embodiments. The selected * 
wavelengths are sequentially reflected back 

80 through the moriochromator and emerge through 
a single fixed exit slit providing a relatively small 
image on the detector photocathode. One can 
combine with this a system such as that of Fig. 4 
to accomplish a dual cell arrangement at the 

85 entrance or exit slit of the mondcrfromator. 

Since many changes could be made in the 
above-described construction arid many 
apparently widely differing embodiments of this 
invention could be made without departing from 

90 the scope thereof, it is intended that a\\ matter 
contained in the above description or shown in the 
accompanying drawing shall be interpreted as 
illustrative and hot a limiting sense. 

CLAIMS 

95 1 . Spectrophotometric apparatus for obtaining 
substantially simultaneously a ptoralrry of 
absorbance measurements at a corresponding 
plurality of wavelengths from a sample, 
comprising: 

1 00 sample cell means adapted to transmit light 

therethrough^ -> 

polychromatic light source means for 
transmission of a portion of light from said source 
at a plurality of wavelBTT^rTslthrougrrsaid-sample 

105 cell means; 

dispersive means for analysis of said 
polychromatic light transmitted by said sample 
cell means into a .plurality of wavetength- / 
constituents; ^ r . 

110 aperture m eans and means fo r transmitting 
sequentially selected said wave length 
constituents through said aperture; means; 

single detector means responsive to said 
selected wavelength constituents transmitted 

115 through said aperture means for generating a time 
dependent si gnal contalnlrrg.tha-absorbaxtcg ? 
information for each said wavelength constitue nt 
transmitted through said sample celFmeansl •> 
means for extracting from said time 

1 20 dependence of said signal said absorbance. 

information for each said wavelength constituent; 
and 

means for recording said data.. 

2. The apparatus of claim 1 further comprising 
1 25 means for directing another portion off light from 
said light source means through another sample 
cell means and means for sequentially pres nting 
said portion and said another portion to said 
dispersing means. 
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3. The apparatus of claim Z further comprising 
means for comparing a portidn of said time- 
dependent signal of said portion of light 
transmitted through said sample corresponding to 

5 one said selected wavelength constituent cell 
means with another portion of said time- 
dependent signal corresponding to one said 
selected wavelength constituent of said another 
portion of light transmitted through said another 
10 sample cell means. 

4. The apparatus of claim 3 including 
comparison means for comparing said portion of 

. said time-dependent signal with said another 
portion of said time-dependent signal whereby a 
1 5 sample reference comparison is achieved. 

5. A rotating chopper for sequentially 
transmitting selected portions of incident light 
comprising: 

rotating mask means and means for 
20 establishing said rotation; 

a plurality of sector portions in said rotating 
mask means, said portions each comprising an 
arcuate aperture segment having a radial position, 
a radial width and angular length, and fixed mask 
25 means comprising a narrow slit extending radially 
for transmitting light from any of said openings in 
said rotating mask means; 

single detector means for generating a signal in 
response to light transmitted from said apertures; 

30 a nd . .. L x " 

optical focusing means for focusing light from 

said plurality of radial positions upon said detector 

means. 

6. Spectrophotometry apparatus foF obtaining 
35 substantially simultaneously a plurality of 

absorbance measurements at a corresponding 
plurality of wavelengths from a sample, 
comprising: 

sample cell means adapted to transmit light 

40 therethrough; 

polychromatic light source means for 
transmission of a portion of light from said source 
at a plurality of wavelengths through said sample 
cell means; 

45 dispersive means for analysis of said 

polychromatic light transmitted by said sample 
cell means into a plurality of wavelength 
constituents; 



dispersive means for analysis of said 
50 polychr matic light transmitted by said sample 
cell means into a plurality of wavelength 
constituents; 

aperture means and means for transmitting 
sequentially selected said wavelength 
55 constituents through said aperture means; 
retro-reflective means for redirecting said 
selected wavelength constituents back through 
said aperture means and said sequential 
transmitting means and said dispersive means 
60 whereby said selected wavelength constituent is 
double dispersed; 

means for separating said double dispersed 
selected wavelength constituents from 
unreflected radiation; 
65 single detector means responsive to said 
double dispersed selected wavelength 
constituents reflected from said retro-reflective 
means for generating a time dependent signal 
containing the absorbance information for each 
70 said wavelength constituent; 

means for deriving from said time dependence 
of said signal said absorbance information for 
each said wavelength constituent; and 
means for recording said information. 
75 7. The apparatus of claim 6 further comprising 
means for directing another portion of light from 
said light source means through another sample 
cell means and means for sequentially presenting 
said portion and said another portion to said 
80 dispersing means. 

8. The apparatus of claim 7 further comprising 
means for comparing a portion of said time- 
dependent signal corresponding to one said 
selected wavelength constituent of said portion of 
85 light transmitted through said sample cell means 
with another portion of said time-dependent 
signal corresponding to one said selected 
wavelength constituent of said another portion of 
light transmitted through said another sample cell 
90 means. 

* 9. The apparatus of claim 8 including 
comparison means for comparing said portion of 
said time-dependent signal with said another 
portion of said time-dependent signal whereby a 
95 sample reference comparison is achieved. 
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Die Prufung der oben genannten Patentanmeldung hat zu dem nachstehenden Ergebnis gefuhrt. 
Zur AuBerung wird eine Frist 

von vier Monaten 

gewahrt, die mit der Zusteilung beginnt. 

Fur Unterlagen, die der AuBerung gegebenenfalls beigefugt werden (z.B. Patentanspruche, Beschreibung, Beschreibungsteile, 
Zeichnungen), sind je zwei Ausfertigungen auf gesonderten Blattern erforderiich. Die AuBerung selbst wird nur in einfacher 
Ausfertigung benotigt. 

Werden die Patentanspruche, die Beschreibung oder die Zeichnungen im Laufe des Verfahrens geandert, so hat der Anmelder, 
sofern die Anderungen nicht vom Deutschen Patent- und Markenamt vorgeschlagen sind, im einzelnen anzugeben, an welcher 
Stelle die in den neuen Unterlagen beschriebenen Erfindungsmerkmale in den ursprunglichen Unterlagen offenbart sind. 



In diesem Bescheid sind folgende Entgegenhaltungen erstmalig genannt. (Bei deren Numerierung gilt 
diese auch fur das weitere Verfahren): 
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Hinweis auf die Moglichkeit der Gebrauchsmusterabzweigung 

Der Anmelder einer nach dem 1. Januar 1987 mit Wirkung fur die Bundesrepublik Deutschland eingereichten Patentanmeldung kann eine 
Gebrauchsmusteranmeldung. die den gleichen Gegenstand betrrfft, einreichen und gleichzeitig den Anmeldetag der fruheren Patentanmeldung 
In Anspruch nehmen. Diese Abzweigung (§ 5 Gebrauchsmustergesetz) ist bis zum Ablauf von 2 Monaten nach dem Ende des Monats moglich, 
in dem die Patentanmeldung durch rechtskraftige Zuruckweisung, freiwillige RGcknahme oder RGcknahmefiktion erledigt, ein 
Einspruchsverfahren abgeschlossen oder - im Falle der Erteilung des Patents - die Frist fur die Beschwerde gegen den ErteilungsbeschluB 
fruchtlos verstrichen ist. Austuhrliche Informationen uber die Erfordemisse einer Gebrauchsmusteranmeldung, einschlieBlich der Abzweigung, 
enthatt das Merkblatt fur Gebrauchsmusteranmelder (G 6181), welches kostenlos beim Deutschen Patent- und Markenamt und den 
Patentinformationszentren erfiattlich ist. 
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2) DE 31 29 580 A1 

3) DE26 35 769A1 

4) DE US 4 594 510 

5) GB2 163 251 A 

Aus der Entgegenhaltung 1), siehe dort insbesondere die Figuren mit zugehorigem Text, ist 
eine Vorrichtung gemaB dem Oberbegriff des Patentanspruchs 12 vorliegender Anmeldung 
bekannt, wobei die dortige Modulationseinheit ebenfalls eine "spektrale Schalteinheit" in 
Form einer Steuereinrichtung 11 aufweist, die einen Detektor 9 und eine Anordnung 16 zur 
Erzeugung eines modulierten Laserstroraes beinhaltet. 

Daruber hinaus ist es entsprechend dem kennzeichnenden Teil des Patentanspruchs 12 aus 
der Entgegenhaltung 1), dort insbesondere die Figur 3 mit zugehorigem Text, bekannt, so- 
wohl zwischen Strahlungsquelle 1+4 und Probenzelle 24 + 25 als auch zwischen Proben- 
zelle 24 + 25 und spektraler Schalteinheit je eine lichtleitende Einrichtung 3, 3' vorzusehen. 
Somit sind alle wesentlichen Merkmale des Patentanspruchs 12 der Entgegenhaltung 1) 
entnehmbar. Der Patentanspruch 12 ist daher mangels Neuheit seines Gegenstandes nicht 
gewahrbar. 

Aus der Entgegenhaltung 2), siehe dort insbesondere die Figuren mit zugehorigem Text, ist 
eine Vorrichtung gemaB dem Oberbegriff des Patentanspruchs 23 der Anmeldung bekannt, 
wobei die dortige Modulationseinheit ebenfalls eine "spektrale Schalteinheit" mit einem Dis- 
persionselement (Gitter 18) und einer Platte 20 mit Schlitzen 22a - e autweist. 

Daruber hinaus weist die dortige spektrale Schalteinheit entsprechend dem kennzeichnen- 
den Teil des Patentanspruchs 23 auBerdem auch eine Chopperanordnung 24 auf, die auf- 
grund ihres selektiven DurchlaBverhaltens (Offnungen 28a - e) nur bestimmteSpektralberei- 
che des durch die Probe in der Probenzelle 14 erzeugten Spektrums in der MeBstrahlung zu 
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dem Strahlungsempfanger 32 durchlaBt. Somit sind alle wesentlichen Merkmale des Patent- 
anspruchs 23 aus der Entgegenhaltung 2) bekannt. Der Patentanspruch 23 ist daher eben- 
falls mangels Neuheit seines Gegenstandes nicht gewahrbar. 

Was die auf die Vorrichtungshauptanspruche 1 2 und 23 ruckbezogenen und damit rein for- 
mal ebenfalls nicht gewahrbaren Unteranspruche 13-22 und 24 - 40 betrifft, so sind deren 
Gegenstande entweder bereits aus den Entgegenhaltungen 1) und 2) bekannt oder ergeben 
sich fur den Fachmann aufgrund seines allgemeinen Fachwissens in naheliegender Weise 
aus diesen. 

Die Patentanspruche 1-11 vorliegender Anmeldung werden derzeit fur gewahrbar erachtet. 
Entgegenstehendes Material ist nicht ermittelt worden. 

Erganzend zum Stand der Technik wird noch auf die Entgegenhaltungen 3) bis 5) hingewie- 
sen. 

Da uber die vorliegende Patentanmeldung nur als Ganzes entschieden werden kann, ist mit 
dem geltenden Patentbegehren aufgrund der nicht gewahrbaren Patentanspruche 12-40 
eine Patenterteilung nicht moglich. 

Die Anmelderin wird hoflichst gebeten, der Prufungsstelle Ablichtungen der relevanten Sei- 
ten der auf den Beschreibungsseiten 4 und 6 angegebenen Druckschriften "DVGW- 
Arbeitsblatt 486" und "Optical BTU Sensor Development zu ubersenden, da diese vom 
Deutsches Patent- und Markenamt kurzfristig nicht beschafft werden konnen. 

Mit den vorliegenden Unterlagen kann eine Patenterteilung nicht in Aussicht gestellt werden; 
es muB vielmehr mit der Zuruckweisung der Anmeldung gerechnet werden. 



Falls eine AuRerung in der Sache nicht beabsichtigt ist, wird eine formlose Mitteilung uber 
den Erhalt des Bescheides erbeten. 




